When trading live animals or animal products, quarantine practices should be implemented in order to prevent the introduction of transmissible pathogens which can cause serious outbreaks of disease and consequent economic losses. Aquatic animals are no exception. The Office International des Epizooties (OIE) has detailed provisions for the import and export of aquatic animals and aquaculture products aimed at avoiding the risk of spreading aquatic animal diseases (OIE 1997) . However, ornamental fishes are not included in these provisions and, in fact, in many countries, the tropical ornamental fish trade operates without appropriate quarantine practices. These fish may cause problems in the importing country, since they can die of infections soon after their arrival, or during transportation, resulting in economic losses. Recently, mortalities have occurred in some tropical fish farms in Korea, and a number of parasites were observed in these fishes. Here we aim to investigate parasites of tropical ornamental fishes imported to Korea and to determine if they are associated with these fish farm mortalities.
Materials and methods. We collected freshwater tropical ornamental fishes soon after importation at 8 different tropical fish farms located in Kyungki and Chungbuk Province in the center of the Korean Peninsula, during November and December 2000. The scientific names of the fishes we collected are listed in Table 1 . We euthanized the fish in 500 ml water containing several drops of 2-phenoxyethanol (Sigma) and dissected them under the microscope. We examined the body surface of fish carefully to detect metazoan and protozoan parasites, and then dissected them to investigate internal parasites. Mucus was scraped from the skin and gills with a cover glass, and fresh smears were prepared on slides in a drop of water under a coverslip and then examined for protozoan parasites. If trichodinids or Tetrahymena were detected, new smears were prepared and slides were air-dried, impregnated with a 2% silver nitrate solution for 20 min, and exposed to ultraviolet radiation for 30 min. If other protozoans were detected, new smears were airdried and stained with May-Grunwald solutions (Sigma) for 5 min, washed with PBS briefly, then stained with Giemsa solution (BDH Chemicals, 1:20 ABSTRACT: We examined 15 species of ornamental tropical fishes originating from Southeast Asia to determine the cause of losses among 8 fish farms in Korea. A total of 351 individuals belonging to 5 different families (1 species of Characidae, 6 of Cichlidae, 3 of Cyprinidae, 1 of Heleostomatidae, and 4 of Poecilidae) were collected for the purpose of detecting metazoan and protozoan parasites. Parasites were fixed and stained using routine methods, and identified. We found 3 ciliates, 2 monogeneans, 1 nematode, and 1 copepod from 7 host species. Of these, Ichthyophthirius multifiliis was the most common parasite in our study, and together with Trichodina sp., caused mass mortality of Sumatra barb Puntius tetrazona at 1 farm. We also found Camallanus cotti and Tetrahymena corlissi from guppies Poecilia reticulata, both for the first time in Korea. Farmers consider these 2 pathogens to be the most serious ones in Korea. Gussevia asota from oscar Astronotus ocellatus, and Gyrodactylus bullatarudis from platy Xiphophorus maculatus were also found in Korea for the first time. We believe that appropriate quarantine practices for tropical ornamental fishes should be introduced because the failure to require and implement quarantines has already resulted in the accidental introduction of exotic parasites to fish farms, and because these parasites can cause further economic losses if they become established in the wild.
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Resale or republication not permitted without written consent of the publisher diluted with distilled water) for 20 min and washed with distilled water. Coverslips were mounted on stained specimens with a small drop of malinol (Toho Chemical) after air-drying, then the preparations were examined. For monogeneans, we mounted worms in a small drop of distilled water under a coverslip. Worms were then fixed with APG (ammonium picrate glycerine), after flattening the preparations to the required degree. For nematodes, we fixed worms in hot 70% ethanol, and cleared them in glycerine on microscope slides for examination. For copepods, we fixed adults in 70% ethanol, and examined them under a dissecting microscope. We examined the fish only for external parasites on the body surface and the gills, and for gut parasites.
Results. We detected a total of 7 parasites on 7 of the 15 host species examined ( Ichthyophthirius multifiliis (Fouquet, 1876) was the most common parasite in our study. We found I. multifiliis from 3 host species, and all of the infected individuals were heavily infected. Of these 3 hosts, Sumatra barb were also infected with Trichodina sp. simultaneously. All the individuals we examined were infected with both parasites. Tetrahymena corlissi was found on 7.2% of guppies we examined, and Camallanus cotti in 14.4% of them (Table 2) .
We examined 6 species of Cichlidae, but found only 1 monogenean (Gussevia asota) from 1 host (Astronotus ocellatus) and the prevalence of infection was 66.7% (Table 2 ). Another monogenean (Gyrodactylus bullatarudis) was found from 1 Poecilidae (Xiphophorus maculatus), but the prevalence of infection was very low (5%, Table 2 ). We also found a copepod, Lernaea cyprinacea, infesting black molly Xiphophorus sphenops.
Discussion. We found a total of 7 species of parasites among 15 species of ornamental fishes in this survey (Table 2 ). This is the first report on the parasites of tropical ornamental fishes imported to Korea, and of the 7 parasites found, the 2 monogeneans are thought to be exotic to Korea. In the case of other parasites, it is unclear whether they are exotic or native.
Ichthyophthirius multifiliis is a widely distributed ectoparasite, and probably occurs worldwide (Lom & Dykova 1992) . We found an outbreak in 3 host species from 2 farms in this survey, and there was a mass mortality in Sumatra barb at 1 farm. It was difficult to determine the cause of death in this case, however, because we also found Trichodina sp. in the same stock. Trichodinids are essentially commensals and never occur in large numbers on healthy fish. However, in stressed conditions caused by some other factors such as poor water quality, overcrowding, they can proliferate massively and behave like serious ectoparasites (Lom & Dykova 1992) . We suspect that both poor conditions and I. multifiliis infection facilitated the proliferation of Trichodina sp. and caused the death of the host in this outbreak.
Tetrahymena corlissi Thompson, 1955 is a histophagous ciliate and sometimes fatal to its host (Lom & Dykova 1992) . It is known as a causative agent of 'Tet' disease of tropical aquarium fishes and is now causing a serious problem in the ornamental fish culture industry in Southeast Asia (Ponpornpisit et al. 2001 ). Although it is not clear if this protozoan is an exotic or native species in Korea, it seems to be already established in tropical fish farms in Korea, and is causing serious economic losses. Because Tetrahymena species can infect other poecilids, especially when the water quality is poor and the fish are immunologically depressed (see Lom & Dykova 1992 , Gratzek 1993 , it may cause even more serious problems in tropical fish farms in Korea in the future if an appropriate control method is not applied.
The nematode Camallanus cotti Fujita, 1927 was first reported from freshwater fishes in Japan (Fujita 1927) and is reported from many hosts from many countries (see Moravec & Nagasawa 1989) . Its worldwide distribution is thought to be due to the introduction of poecilids, either as aquarium fish or for mosquito control, from Southeast Asia (Font & Tate 1994 , Rigby et al. 1997 . However, C. cotti is unlikely to be an exotic species in Korea, because many of the known host species of C. cotti reported in China and Japan are also native to Korea (Kim et al. 2002) . On the other hand, C. cotti found in domestic guppies, which have been reared in Korea for several years, might have originated from imported fish which were already infected at the time of importation. Other poecilids such as swordtail Xiphophorus helleri are also susceptible to C. cotti infection (Font & Tate 1994) . Thus, this parasite can be a threat to tropical fish farms if it spreads to other poecilids, which are the most common tropical ornamental fishes in Korea.
The monogenean Gussevia asota Kritsky, Thatcher & Boeger 1989 was described from oscar Astronotus ocellatus, and Kritsky et al. (1989) mentioned that G. asota apparently can cause the death of its host, citing the case of an aquarium in Idaho, USA, as an example. In our study, we could not determine how widely this parasite is distributed in Korea because the 3 host specimens we collected came from 1 farm only, and the number of the specimens was small. Farmers could not recall any outbreaks in oscars. Nevertheless, all monogeneans are potential pathogens to their hosts when fish are crowded together, such as in fish farms.
Another monogenean, Gyrodactylus bullatarudis Turnbull, 1956, was first described from guppies, and has also been reported from black molly Poecilia sphenops, and Xiphophorus hybrids (X. helleri × X. maculatus) (see Harris 1986) . Except for guppies, there are few records for gyrodactylids from poecilid fishes, and only 2 Gyrodactylus species (G. rasini and G. bullatarudis) have been reported from the genus Xiphophorus (see Harris & Cable 2000) . Hence, this is the first report on this gyrodactylid parasite in platy X. maculatus. Although host specificity has been used for identification of the genus Gyrodactylus, these parasites can infect other fishes if the environmental conditions are not optimal for them (see Cable et al. 1999 ). Our single specimen was morphologically inseparable from G. bullatarudis. This monogenean is likely to have harmful effects not only on guppies, but also on other poecilids, because it can switch to other hosts in confined environments or in stressful conditions.
The copepod Lernaea cyprinacea Linnaeus, 1758 has a broad host range including ornamental fish, frog tad-poles and even salamanders, and can cause serious damage in both the aquaculture industry and natural environment of importing countries where this copepod is exotic (Hoffman 1998) . This copepod has a worldwide distribution, partly because of the international trade of tropical fishes (Robinson & AvenantOldewage 1996) . Its pathogenicity is well-known because it can cause serious mortality due to hemorrhages and secondary bacterial infections, especially in cases of heavy infestations (Gratzek 1993) .
The tropical aquarium fish trade constitutes a significant portion of worldwide trade in aquatic animals (Evans & Lester 2001) , and a large number of imported ornamental fish originate from Southeast Asian countries. Korea also imports various kinds of tropical aquarium fishes from Southeast Asian countries; the scale and number of imported species are increasing. However, most fishes are imported without quarantine, and consequently, the fishes infected with undetected pathogen(s) can be distributed to retailers and sold to consumers.
These fishes can cause problems to importing countries in 2 respects. Infected fish sometimes die during transportation or soon after arrival, due to the combination of stress and pathogen infection, and this results in immediate economic losses. From an environmental perspective, infected fish can cause problems to indigenous fish species if they escape into the natural environment of the importing countries. There are several good examples of epidemic mortalities in wild fish populations associated with the ornamental fish trade; several protozoans (e.g. Chilodonella cyprini, Ichthyobodo sp., I. multifiliis, Trichodina sp.) and metazoans (e.g. Dactylogyrus sp., Gyrodactylus sp.) are thought to have been introduced into Australia with the importation of ornamental fishes and to have caused consequent mortalities in native fish species (see AQIS 1999) . Other examples of mortalities are also known from fishes meant for human consumption. For example, Norway suffered huge losses of wild salmon populations because of the accidental introduction of Gyrodactylus salaris into the natural environment (Jonsen & Jensen 1991) . Similarly, the Japanese aquaculture industry was seriously affected by the accidental introduction of Neobenedenia girellae (synonym, N. melleni) , probably with amberjack Seriola dumerli fry in unregulated shipments from China (Ogawa et al. 1995) . Hence, it is clear that the accidental introduction of exotic parasites can have harmful effects both directly by reducing profits and by negatively impacting the natural environments of importing countries.
We cannot predict what the consequences are likely to be when the exotic pathogens are introduced in the importing countries, due to the limited information on the factors relevant to the establishment of exotic pathogens to the importing countries (see AQIS 1999). Hence, to avoid the introduction of fish pathogens it is necessary to introduce quarantine practices to the ornamental fish trade, as well as to the trade in fish for human consumption. Until such laws have been introduced, ornamental fishes should be examined, either on an ad hoc or routine basis, to confirm that they are pathogen-free; if they are infected, appropriate treatments should be administered before clearance. Importing countries should also examine imported fishes and treat them before domestic distribution.
